Background and Aims Alcohol taxes reduce population-level excessive alcohol use and alcohol-related morbidity and mortality, yet little is known about the distribution of the effects of alcohol taxation across race/ethnicity and age subgroups. We examined the race/ethnicity-and age group-specific effects of an excise alcohol tax increase on a common and routinely collected alcohol-related morbidity indicator, sexually transmitted infections. Methods We used an interrupted time series design to examine the effect of a 2009 alcohol tax increase in Illinois, USA on new cases of two common sexually transmitted infections (chlamydia and gonorrhea) reported to the US National Notifiable Disease Surveillance System from January 2003 to December 2011 (n = 108 repeated monthly observations). We estimated the effects of the tax increase on infection rates in the general population and within specific race/ethnicity and age subgroups using mixed models accounting for temporal trends and median income. Results Following the Illinois alcohol tax increase, state-wide rates of gonorrhea decreased 21% [95% confidence Interval (CI) = −25.7, −16.7] and chlamydia decreased 11% [95% CI = −17.8, −4.4], resulting in an estimated 3506 fewer gonorrhea infections and 5844 fewer chlamydia infections annually. The null hypothesis of homogenous effects by race/ethnicity and age was rejected (P < 0.0001). Significant reductions were observed among non-Hispanic blacks: gonorrhea rates decreased 25.6% (95% CI = −30.0, −21.0) and chlamydia rates decreased 14.7% (95% CI = −20.9, −8.0). Among non-Hispanics, point estimates suggest decreases were highest among 25-29-year-olds. Conclusions Increased alcohol taxes appear to reduce sexually transmitted infections, especially among subpopulations with high disease burdens, such as non-Hispanic blacks.
INTRODUCTION
A robust literature has demonstrated that increased alcohol prices through national and state tax policies decrease alcohol consumption [1] . In turn, alcoholrelated mortality and morbidities are reduced among drinkers, especially excessive drinkers [2] . Alcohol tax increases also reduce harms related to social interactions involving alcohol [i.e. violent assaults, drunk-driving and sexually transmitted infections (STIs)] [2] . Understanding the potential heterogeneity of effects of alcohol taxation is important for the design of optimum public policy [3] , yet the proportionality of effects of alcohol taxation across population subgroups is unclear.
Several characteristics, including income, race/ ethnicity and age, may influence the magnitude of the effect of alcohol taxation on alcohol use and alcoholrelated morbidity and mortality [3] . Increases in alcohol prices may disproportionately affect lower-income populations because they have less disposable income [4] . In the United States, economic differences in the effects of alcohol policies may be reflected as racial/ethnic differences because of the striking economic disparities by race and ethnicity: in 2011, the median household income among non-Hispanic blacks ($32 000) was less than Hispanics ($38 200) and nearly half that of nonHispanic whites ($55 014) [5] . The effect size of an alcohol tax increase on alcohol-related morbidities may also differ by age because of age differences in alcoholic beverage preferences, drinking locations and price sensitivities [3] . For example, among women, the proportion of alcohol consumed represented by wine varies dramatically by age (30% for 16-24-year-olds and nearly 70% for 65+-year-olds) [3] .
To increase understanding of the influence of alcohol tax increases on alcohol-related morbidity within race/ ethnicity and age population subgroups, we investigated race/ethnicity and age subgroup-specific effects of the September 2009 increase in alcohol excise taxes for beer, wine and spirits in the state of Illinois on a state-wide measure of alcohol morbidity, sexually transmitted infections (STIs) [6] [7] [8] [9] . We chose STIs, specifically infections with gonorrhea and chlamydia, as our measure of alcohol-related morbidity because of the presence of a high-quality measurement system due to required national reporting of new diagnoses, relatively high incidence (increasing statistical power, especially within subgroups) and generally short lag-time (2-3 weeks) between acquisition and symptoms [10, 11] . Consistent with reported overall effects of alcohol taxes on STI rates [12] [13] [14] [15] , reductions in alcohol consumption caused by alcohol tax increases are expected to translate to reduced alcohol consumption prior to sex, reduced sexual risktaking (i.e. sex, unprotected sex and casual or new partners) and reduced population-level STIs [1, 7, 8, 16, 17] . Understanding the relation between the Illinois alcohol tax increase and STI rates in various subpopulations can help policy makers and public health researchers predict more accurately the effects of alcohol price interventions on alcohol-related morbidities across diverse populations.
METHODS

Design and sample
We used an interrupted time series quasi-experimental design to examine the effect of the 2009 Illinois alcohol excise tax increase on STIs (gonorrhea and chlamydia) reported to the US National Notifiable Disease Surveillance System (NNDSS) by state and local health departments. We analyzed available data on all new cases of gonorrhea and chlamydia reported to the NNDSS from January 2003 to December 2011 covering the 80 months prior to and 28 months following the Illinois alcohol tax increase. We accounted for temporal trends in STIs during the study period by adjusting for . In Illinois, counties and municipalities may also levy general sales taxes as well as alcohol-specific taxes, but they are rare.
STI rates
We obtained all available months of state-level STI counts from the publically available NNDSS for the period from January 2003 to December 2011 [18] . We also obtained STI counts specific for Cook County, Illinois from the Cook County Health Department. STI counts were available by gender, race/ethnicity (non-Hispanic white, nonHispanic black, Hispanic, American Indian or American Native, Asian or Pacific Islander and unknown) and age (15-19, 20-24, 25-29 and ≥30 years). To control for large differences in population size across age and race/ ethnicity subgroups and between Illinois and the 14-state comparison group, we calculated monthly STI rates overall and for each age and race/ethnicity subgroup with estimated population figures from the US Census Bureau [19] . Among the STIs available in this data system (gonorrhea, chlamydia and syphilis), we did not analyze syphilis due to the sparseness of monthly counts within race/ethnicity and age subgroups.
Median household income
To adjust for economic changes specific to Illinois that could affect the observed relations between alcohol taxes and STI rates between 2003 and 2011, we adjusted analyses for inflation-adjusted median household income [20] . Within each age and race/ethnicity stratum, inflation-adjusted income estimates were available by year. To estimate monthly income, we assumed that changes were uniform within each year, and divided the yearly change into 12 equal parts.
Statistical analysis
To account for potential correlations in STI rates within Illinois, we used a linear mixed model to assess the effect of the alcohol tax increase on STI rates. We considered gonorrhea and chlamydia as independent STIs. Thus, for each STI, we estimated regression models using the following form:
.
Yt represents the STI rate at month t. Taxt is an indicator for the presence of the alcohol excise tax increase in month t. Xt is the STI rate in the control group in month t. MHIt is the estimated median household income in Illinois at month t. To estimate the percentage change in STI rates, models with log-transformed STI rates as the outcome were also estimated. The β1 estimate from the log-transformed model can be used to calculate the percentage change using 100 × (e β1 -1) [21] . All models were run using PROC GLIMMIX in SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA). We assumed that STI counts were normally distributed because there were more than 20 cases of STIs per month within each age and race/ ethnicity subgroup. To account for potential seasonality of STI rates, we used a banded Toeplitz 13 covariance structure [22] .
We estimated models for the total population and within race/ethnicity and age subgroups. The statistical significance of the differences by race/ethnicity and age was assessed by an F-test assuming identical effects of the alcohol tax on the percentage change in STI rates. Analyses of racial/ethnic subgroups were limited to non-Hispanic whites, non-Hispanic blacks and Hispanics, because other racial groups were too diverse to combine and too small to analyze separately within age subgroups. For example, among Asian or Pacific Islanders, monthly chlamydia counts within age subgroups ranged from 0 to 21. Sample sizes did not permit analysis of gender-race/ethnicity and age subgroups. For example, in most months there were six or fewer gonorrhea diagnoses among ≥30-year-old Hispanic women.
Sensitivity analyses
To verify the robustness of our findings at the suggestion of one of the reviewers, we subsequently repeated analyses using the Box-Jenkins autoregressive integrated moving average (ARIMA) approach. Because tests between temporary and permanent effects are more straightforward with Box-Jenkins transfer functions, we assessed the fit of several transfer functions with ARIMA as opposed to mixed models.
In February 2010, Illinois changed STI reporting from a paper-based to an electronic system. Technical problems and the additional time required for local health departments to report STI cases potentially caused underreporting as health departments adjusted to the electronic reporting system (D. Brikshavana, personal communication, 16 May 2013). While it is impossible to predict the level of under-reporting, the majority of the under-reporting probably occurred within local health departments in Cook County (Chicago metropolitan area) because of the large volume of cases in Cook County (D. Brikshavana, personal communication, 16 May 2013). Thus, to explore the sensitivity of our main findings to the possible effect of this reporting change, we also estimated models restricted to STIs reported by local health departments outside Cook County (60% of Illinois population) [23] .
RESULTS
In Illinois, between 2003 and 2010, gonorrhea rates were higher among non-Hispanic blacks than among non-Hispanic whites and Hispanics (Fig. 1 ). Monthly gonorrhea rates among non-Hispanic blacks ranged from 61 to 112 per 100 000 prior to the tax change (2003 ( -August 2008 and from 36 to 102 per 100 000 following the tax change (September 2008-December 2011). Gonorrhea rates among non-Hispanic whites and Hispanics remained relatively stable from 2003 to 2011, ranging from two to four per 100 000 among non-Hispanic whites and two to seven per 100 000 among Hispanics.
Similarly, chlamydia rates were considerably higher among non-Hispanic blacks than among non-Hispanic whites and Hispanics (Fig. 2) . Within all three racial/ ethnic groups, we found a trend of increasing chlamydia rates across time (P-value for linear trend test: <0.0001 for non-Hispanic blacks, non-Hispanic whites and for Hispanics). Among non-Hispanic blacks, visual observation suggests an interruption in the increasing trend at the time of the tax change. Monthly chlamydia rates among non-Hispanic blacks ranged from 128 to 225 per 100 000 prior to the tax change Following the alcohol tax increase in Illinois, gonorrhea rates decreased 21% and chlamydia rates decreased 11%. Each month, three fewer cases of gonorrhea per 100 000 individuals and five fewer cases of chlamydia per 100 000 were reported (Table 1) . Thus, each year, on average, the tax increase prevented an estimated 36 cases of gonorrhea per 100 000 individuals and 60 cases of chlamydia per 100 000 individuals. Within the 2.5 years assessed following the tax increase, an estimated 23 000 STIs were prevented.
Outside Cook County, where fewer problems were experienced when switching to electronic reporting in 2010, we found a similar decrease in gonorrhea (two per 100 000 per month): change in rate per 100 000 population per month of −1.9 (95% confidence interval −2.5 to −1.3). Compared to the state-wide estimates, we found a smaller decrease in chlamydia rates outside Cook County: −0.7 (−2.8 to 1.4).
The null hypothesis of homogeneous effects by race/ ethnicity and age was strongly rejected (P < 0.0001). Alcohol tax increases reduced STI rates primarily among non-Hispanic blacks (Figs 1 and 2) : gonorrhea rates decreased 25% and chlamydia rates decreased 15%. Among non-Hispanic blacks, the tax increase prevented 27 cases of chlamydia per 100 000 individuals [−26.6 (−39.1 to −14.0)] and 22 cases of gonorrhea per 100 000 individuals [−21.7 (−26.1 to −17.2)] each month. On an annual basis, the tax increase prevented an estimated 264 cases of gonorrhea per 100 000 population and 324 cases of chlamydia per 100 000 among non-Hispanic blacks.
STI rates among non-Hispanic whites and Hispanics were much lower than among non-Hispanic blacks, both before and after the alcohol tax increase (Figs 1 and 2) . We did not detect a significant effect of the alcohol tax increase among non-Hispanic whites or Hispanics (Table 2) . Among non-Hispanic whites, we found a trend towards decreasing gonorrhea [−0.1 per 100 000 (−0.3 to 0.2)] and chlamydia rates [−1.0 per 100 000 (−2.3 to 0.3)].
Among non-Hispanic blacks, we found statistically significant decreases ranging from 23 to 40% for gonorrhea and from 18 to 28% for chlamydia within all eight age-STI strata, except one (chlamydia among 15-19-year-olds). Our point estimates suggest that among nonHispanic blacks, the largest decrease following the alcohol tax increase was among 25-29-year-old nonHispanic blacks (−40% for gonorrhea and −28% for chlamydia; Table 2 ). Similarly, among non-Hispanic whites, Figure 1 Crude monthly rates of gonorrhea (per 100 000 individuals) in Illinois the point estimates among 25-29-year-olds were larger than other age groups (−12% for gonorrhea and 17% for chlamydia) except 15-19-year-olds for gonorrhea (−13%) rates following the alcohol tax increase. Among all 24 race/ethnicity, age and infection strata considered, only two strata suggest a potential increase in STIs: gonorrhea and chlamydia rates among 15-19-year-old Hispanics.
Results and conclusions from the mixed linear model and the ARIMA model were similar and without a clear 
DISCUSSION
The 2009 Illinois alcohol excise tax increase reduced alcohol-related morbidity due to STIs substantially throughout the state and differentially across population subgroups. Consistent with prior studies assessing alcohol taxes and STI rates [24, 25] , the Illinois alcohol tax reduced state-wide rates of gonorrhea by 21% and chlamydia by 11%, preventing 3506 gonorrhea infections and 5844 chlamydia infections per year. Compared to non-Hispanic whites and Hispanics, STI rates among non-Hispanic blacks were more affected by the alcohol tax increase. The effect of the Illinois alcohol tax on STIs further demonstrates the capacity of state-level policies to positively influence public health outcomes. Estimates are adjusted for secular trends, seasonality and median household income. Estimates include all cases of gonorrhea or chlamydia reported in Illinois regardless of race/ethnicity. Δ = Change in; CI = confidence interval.
Our estimates for the effect of an alcohol tax change on gonorrhea rates are larger than prior studies [24, 25] . When we apply effect estimates from prior studies to the Illinois tax changes, under assumptions of interchangeability between populations, linear effects and additive effects by beverage type, prior studies suggest a decrease in gonorrhea of 9.8% overall and 11.7% among 15-19-year-olds and 10.2% among 20-24-year-olds [24, 25] . These comparisons are imprecise, because effects by beverage type are not additive (e.g. beer is less sensitive to price than spirits or wine [26] ) and neither previous study considered all three beverage types.
Our findings of larger effects of the alcohol tax on an alcohol-related morbidity (i.e. STI rates) among nonHispanic blacks compared to non-Hispanic whites and Hispanics are novel. While the population-level data available preclude detailed analyses of the mechanism because cohorts were not followed over time, the literature suggests that alcohol tax increases decrease alcohol use before sex either through reduced alcohol use in general or in specific social situations [1, 7, 8, 16, 17] . Racial/ethnic differences in reductions in alcohol use following a tax change have been observed previously and are potentially influenced by important factors, including disparities in income or differing beverage preferences [27] .
Non-Hispanic blacks may have decreased their alcohol consumption more than other racial/ethnic groups because the increased cost of alcoholic beverages represented a larger share of disposable income: average household income in Illinois among non-Hispanic blacks ($36 984) is only 66% of non-Hispanic whites ($56 060) and 80% of Hispanics ($42 997) [20] . Additionally, the unequal alcohol tax increase across beverage types placed a larger portion of the burden on spirits drinkers who are more likely to be non-Hispanic black [28] . The Illinois tax change doubled the already much higher tax on spirits (an increase of over $4/gallon), while increasing the much lower tax on beer by only 25% (an increase of less than 5 cents/gallon). Finally, the maximum potential change for any STI intervention is larger among non-Hispanic blacks because their baseline STI rates are much higher than the other racial/ethnic groups. Therefore, it is easier to detect a statistically significant change at the population level among nonHispanic blacks than among non-Hispanic whites or Hispanics.
Overall, our estimated reductions in STIs from increased alcohol taxes (21% for gonorrhea and 11% for chlamydia) are smaller than individual-level interventions targeting sex more directly: meta-analyses of brief behavioral interventions found a 35% STI reduction and meta-analyses of condom distribution programs found a 31% STI reduction [29, 30] . However, among African Americans, our effects (27% for chlamydia and 22% for gonorrhea) are similar to effects found in meta-analyses of behavioral interventions among men (21% STI reduction) and adolescent girls (19% STI reduction) [31, 32] . Furthermore, populationwide implementation of successful individual-level preventive interventions is difficult to achieve, because individuals must actively participate and organizations must contribute substantial resources. Finally, the reductions in STIs from alcohol taxes are obtained while generating, as opposed to spending, revenue for the state or governing body. This study has three important limitations. First, as with any public policy evaluation, an ideal comparison group does not exist because alcohol tax increases were not assigned randomly. Thus, we constructed a comparison group consisting of the largest US sample possible without including alcohol monopoly states, states with alcohol tax changes during the study period or states that border Illinois geographically. Secondly, during the study period, three other alcohol-related sales tax changes occurred within Illinois' largest city, Chicago, and its encompassing county, Cook (July 2005, Chicago 0.25% increase; July 2008, Cook County 1.0% increase; July 2010, Cook County 0.5% decrease). It is possible the Chicago-and Cook County-specific additional tax changes account for some of the chlamydia cases prevented, yet the Chicago and Cook County alcohol tax changes were small increases, were changes in sales taxes that might be less salient to consumers than excise tax changes [33] and occurred at least a year before or after the state-level excise tax change.
Thirdly, our outcome measures for gonorrhea and chlamydia are from the CDC's mandatory passive surveillance system and are limited to the available data. Passive surveillance systems are susceptible to a relatively consistent under-reporting for various reasons (e.g. healthcare providers not reporting and cases not diagnosed) unrelated to alcohol tax changes; such under-reporting can bias results toward the null hypothesis. Five months after the alcohol tax increase, however, Illinois systematically changed STI reporting to an electronic system. The timing of the system change around the tax change could explain some of the decreased STI rates. It is believed that high volumes of STIs in Cook County may have caused under-reporting in Cook County health departments during early 2010 (D. Brikshavana, personal communication, 16 May 2013). The high prevalence of chlamydia may have exacerbated chlamydia under-reporting. We addressed this possibility with a sensitivity analysis comparing tax effects within versus outside Cook County, demonstrating similar effects for gonorrhea and attenuated effects for chlamydia. Additionally, the 2.5 years of data available following the tax change limited our ability to assess the sustainability of the effect over the long term. While visual inspection of the crude data suggests that the effect may be temporary, this conjecture cannot be verified with current data and could be due to other factors better understood in future years at long-term follow-up.
This study has four important strengths. First, the quasi-experimental research design is the strongest design possible in the absence of random assignment. The use of multiple comparison states not making similar tax changes improves causal inference and statistical power by controlling for variance over time due to many possible confounding factors, including unmeasured variables. Secondly, 9 years of continual monthly data, including 2 years following the tax increase, allowed good characterization of STI trends over time and around the time of the tax change. Thirdly, we examined joint effects of alcohol tax increases across all alcohol beverage types (beer, wine, distilled spirits) because Illinois increased taxes across all beverages simultaneously. Fourthly, we found clear effects of the alcohol tax increase on two separate STI measures.
Alcohol excise tax increases differentially affect alcohol-related morbidity, specifically STI rates, across racial and ethnic groups. The largest effects are among the subpopulation with the highest burden from STIsnon-Hispanic blacks-potentially because of their lower average household income and Illinois' nearly 10 times greater taxation increase on spirits, this subpopulation's preferred beverage [28] . This study confirms findings from previous research that alcohol tax policy has substantial effects on health outcomes, and indicates that the largest health benefits of alcohol tax increases appear to accrue among lower-income and more disadvantaged subpopulations carrying particularly high burdens of disease.
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